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The  informal  economy  is considered  among  the  most  important  factors  because  of its  direct  relationship
with  environmental  degradation.  The  main  contribution  of  the  paper  is  to  investigate  empirically  the
causal  relationship  between  economic  growth  and  CO2 emissions  in the presence  of  the  informal  econ-
omy  for  Tunisia,  during  the  period  1980–2009.  This  study  is conducted  on  the  basis  of  the  Environmental
Kuznets  Curve  hypothesis  (EKC).  We  found  a  monotonically  increasing  relationship  between  total  GDP
(the sum  of the  formal  and  informal  economy)  and  CO2 emissions  as  well  as between  formal  GDP and
CO2 emissions.  Thus  there  is  no evidence  that supports  the  EKC  hypothesis  for  greenhouse  gas  (GHG)
emissions.  By  employing  a cointegrated  VECM  model  speciﬁcation  and accounting  for  structural  breaks,
we found  that  there  exist  co-integration  relationships  between  the  variables.  Applying  the  technique
to  Granger  causality,  in both  short  and  long-run,  unidirectional  causality  from  formal  economic  growth
to  CO2 emissions,  while  demonstrating  bidirectional  causality  between  CO2 emissions  and  TGDP. This
implies  that  informal  economy  can  be boosted  at  the cost of the  environment.  Thus, we propose  policy
recommendations  directed  at  reducing  the  size  of  the  informal  sector  and  GHG  emissions  without  affect-
ing  economic  growth.  Such  suggestions  consist  chieﬂy  in: implementing  regulatory  policy  instruments
to  reduce  CO2 emissions,  increasing  the  probability  of  tax audits,  compelling  informal  ﬁrms,  and  ﬁnally,
applying  a minimum  of regulations  in  the  formal  sector,  instead  of  multiplying  them.
©  2014  The  Author.  Published  by  Elsevier  Ltd. This  is an  open  access  article  under  the CC  BY-NC-ND. Introduction
What is the causal relationship between CO2 emissions and eco-
omic growth in the presence of informal economy? It is the central
uestion of the CO2-economic growth nexus, which has been left
nanswered univocally after more than six decades of empirical
esearch. The major increase in GHG emissions is attributed largely
o CO2 as the principal gas leading to global warming and climate
hange (World Bank, 2007), formal economy has become a major
ontributor of CO2 emissions. Similarly, informal economy has
lso been found to be affecting environmental quality. Indeed,
y allowing polluting small and medium enterprises to evade
nvironmental regulations, production in the informal economy is
ikely to increase pollution levels and induce environmental degra-
ation (Biller, 1994; Blackman & Bannister, 1998; Blackman, 2000;
ahiri-Dutt, 2004). In Tunisia, as in many developing countries,
mall-scale traditional brick kilns are a notorious informal sector
ource of urban air pollution. Many large cities support several
∗ Tel.: +216 97931938; fax: +216 73301302.
E-mail address: abid.mahdi@yahoo.fr
ttp://dx.doi.org/10.1016/j.scs.2014.11.001
210-6707/© 2014 The Author. Published by Elsevier Ltd. This is an open access article unlicense  (http://creativecommons.org/licenses/by-nc-nd/3.0/).
hundred of them. These kilns are ﬁred with a variety of cheap,
highly polluting fuels such as used motor oil, wood scrap, used
tires, manure, and plastic refuse. As a result, in some cities they
are a leading citywide source of air pollution. Here one question
crops up: how will the expansion of an informal economy over
time affect the quality of the environment? The answer is obvious.
On the one hand a richer informal ﬁrm consumes more resources,
requires more energy and produces more waste and pollution.
On the other hand, a richer informal ﬁrm systematically refuses
to install the most technologically advanced pollution control
equipment, and to implement effective environmental policies.
As distinct from the formal economy, the answer is not obvious. A
richer formal ﬁrm has the resources to invest in renewable energy,
to install pollution control equipment, and to implement effective
environmental policy, at both administrative and judicial levels.
The ﬁrst empirical studies were stimulated by Kuznets (1971).
The latter received the Nobel Prize in economics for his works
on the relationship between the formal economy and inequality
which tend to take the form of an inverted U-shaped curve. In other
words, income inequality tends to worsen when a country tends to
undergo economic takeoff, to stabilize at a level of average rev-
enue, then to gradually decrease (Kuznets, 1955). This relationship
der the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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etween income per capita and income inequality can be repre-
ented by a bell-shaped curve. This phenomenon is described as
he Kuznet Curve (KC). The inverted U-shaped relationship between
conomic growth and measured pollution indicators is known as
he Environmental Kuznet Curve (EKC). The EKC hypothesis states
hat pollution levels increase as a country develops, but begin
o decrease as rising incomes pass beyond a turning point. This
ypothesis is illustrated ﬁrst by Grossman and Krueger (1991).
hese authors studied two groups of 29 and 42 countries on the
asis of cross-sectional data relative to suspended particulate mate-
ials and to sulfur dioxide. They estimated that these two indicators
f pollution reach the EKC turning point when GDP per capita is
5000 (in 1985).
In the national literature, only two studies put the accent on
he causal relationship between income and CO2 in the case of
unisia. In a ﬁrst work, Fodha and Zaghdoud (2010) studied the
elationship between economic growth and gas emissions over the
eriod 1961–2004. Their study is based on the EKC hypothesis and
ses the time series technique. Particularly, they treat the rela-
ionship between CO2 and SO2, as environmental indicators, and
conomic growth. The relationship between SO2 emission and GDP
er capita has taken the form of an inverted U, with the income
urning point approximately equal to $1200 (constant 2000 prices)
r to $3700 (in PPP, constant 2000 prices). However, a monoton-
cally increasing relationship with GDP is found appropriate for
ore CO2 emissions. In a second work, Ben Abdallah, Belloumi, and
e Wolf (2013) examined the relationship between value added
ransportation, road transportation-related energy consumption,
oad infrastructure, fuel price and CO2 emissions from the Tunisian
ransportation sector during period of 1980–2010. They found a
ong-run co-integration relationship between CO2 emissions and
DP per capita in the transportation sector. Relations between the
alue-added transportation and transport CO2 emissions per capita
ave taken the form of an inverse N-shaped, with the income tur-
ing point respectively equal to 75 and 579 (2000 TND constant
rices).
In the international literature, there exist numerous studies
n the relationship between environmental degradation and eco-
omic growth. This relationship is examined by Adom, Bekoe,
ensah, Mensah, and Botchway (2012), Grossman and Krueger
1995), Harbaugh, Levinson, and Wilson (2002), Holtz-Eakin &
elden, 1995, Itkonen (2012), List and Gallet (1999), McPherson
 Nieswiadomy, 2000, Nasir and Rehman (2011), Pallab, Berrens,
nd Bohara (2004), Saboori, Sulaiman, and Mohd (2012), Shaﬁk
1994), Shahbaz, Ozturk, Afza, and Ali (2013), Sharma (2011), Song,
ang, and Wang (2013) and Stern and Common (2001). These
tudies use different indicators for environmental quality such as
uspended particulate materials (SPM), nitrogen oxide (NOx), car-
on monoxide (CO), sulfur dioxide (SO2), smoke (for air quality),
nd CO2 (for atmospheric changes), dissolved oxygen, fecal nutri-
nts, heavy metals, access to water (for water quality), a number
f threatened bird species, many threatened species of mammals,
ational risk indicator (for threats to biodiversity), biodiversity and
nnual deforestation (for deforestation), and for solid waste. These
mpirical studies allow us to distinguish between three results of
mpirical testing: positive results, negative or controversial and
on-signiﬁcant results in the EKC. The above mentioned studies,
owever, conclude that EKC is a country and/or indicator speciﬁc
henomenon, as the results vary both across countries and across
ifferent measures of environmental standards.
However, environmental problems like air pollution are due
o the increase and concentration of GHG emissions in the atmo-
phere. GHGs such as CO2, methane and NOx usually originate from
gro-food processing and agro-industrial activities such as informal
rocessing industries with high energy, thermal power plants and
oad transport intensity. These problems are more severe when Society 15 (2015) 11–21
accompanied by demographic growth. The more the population
increases the greater will be the atmospheric pollution.
Some researchers have recently considered demographic fac-
tors in order to explain the sources of air pollution. The ﬁrst studies
were based on cross-sectional data for only one time period. In this
line, Cramer (1998, 2002) and Cramer and Cheney (2000) evaluated
the effects of population growth on air pollution in California and
found a positive relation only for some sources of emissions but not
for others. Dietz and Rosa (1997) and York, Rosa, and Dietz (2003)
studied the impact of population on carbon dioxide emissions
and energy use within the framework of the Impact-Population-
Afﬂuence-Technology model (IPAT). The results in these studies
indicate that the elasticity of CO2 emissions and energy use with
respect to population are close to unity.
In many countries, especially developing countries like Tunisia,
the more the population and its needs increase, the more it will
be difﬁcult to respect biological standards. Tunisia is not able
to acquire new technologies, cleaner production techniques and
equipment to ﬁght against pollution. Thus, environmental and ﬁs-
cal policies in Tunisia are not yet rigorous. The number of employers
in the informal economic activities is increasing to the extent that
the survival of about 31.4% of the active non-agricultural labor force
depends on this sector, which plays a key social role the formal
sector is unable to play (Abid & Ben Salha, 2013). Such irregular
activities may  be responsible for the increase in CO2 emissions in
Tunisia and the aggravation of the phenomenon of global warming
or climate change. Therefore, it is obvious that, in the long-term,
informal economic growth will be dangerous to the environment
if we  do not take the necessary precautions. Similarly, informal
economy has been found to have a great effect on environmental
quality.
Although this study focuses chieﬂy on EKC, the size of the
informal sector is included in the calculation of GDP and in our anal-
ysis in order to capture the true signiﬁcance of EKC for Tunisia’s
economy. Surprisingly, the literature studying the relationship
between informal economic growth and environmental degrada-
tion in Tunisia is conspicuously absent. Also, there is no published
research investigating this relationship in the presence of the infor-
mal  sector. So this paper is one of the ﬁrst to attempt to ﬁll the gap
in this ﬁeld. The principal objective here is to examine the rela-
tionship between carbon dioxide emissions and economic growth
in the presence of the informal economy. Hence, the main contri-
bution to the literature is to conduct an empirical analysis so as
to ﬁnd out whether the informal economy is the main source of
environmental degradation. It is also important to note that this
study attempts to enrich the literature in question and make a
contribution to quality-related studies.
The paper is organized as follows. The next section gives an
overview of the informal economic and environmental situation
in Tunisia. Section 3 provides data information and clariﬁes the
methodology and the modeling strategy. Result interpretations are
presented in Section 4. Finally, Section 5 presents the conclusion
and deals with policy implications.
2. An overview of Tunisia’s informal economic and
environmental situation
Emissions from all fuel sources have grown in the African
region over time with liquid and solid fuels now each accounting
for approximately 35% and gas fuels accounting for 16.9% of the
regional total. A small number of nations are largely responsible
for the African emissions from fossil fuels and cement production.
South Africa accounts for 38% of the continental total, and another
46% comes from Egypt, Algeria, Nigeria, Libya and Morocco com-
bined. These are the only six countries on the continent with annual
M. Abid / Sustainable Cities and Society 15 (2015) 11–21 13
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TFig. 1. Tunisia’s CO2 emission, informal GDP, tot
O2 emissions exceeding 10 million metric tons of carbon. Only
our African countries have per capita CO2 emissions higher than
he global average (1.3 metric ton of carbon per year): Libya (2,53),
outh Africa (2,39), Seychelles (2,22), and Equatorial Guinea (1,99).
ased on 2008 per capita emission rates, 28 of the 55 African nations
or which data are available have per capita emission rates less
han 0.1 metric ton of carbon per person per year. Tunisia’s fossil-
uel CO2 emissions are not low in both absolute and per capita
erms. Total emissions for Tunisia have increased 21-fold since
950 reaching more than 7 million metric tons of carbon in 2009.
lthough CO2 emissions, during 1980–2009, have experienced sig-
iﬁcant growth (62% over the period and 1.6% growth per year).
here has also been some stabilization in emissions over the past 4
ears, and a very slight decrease in 2003 (Fig. 1).
During the period 1980–2003, a recent study by the National
gency for Energy Conservation (NAEC) with the support of UNDP
ANME, 2005) provides details on the development of local pol-
utants in Tunisia in relation to the energy sector. These consist in
O followed by NOx and then non-methane volatile compounds
NMVC), and sulfur dioxide (SO2). The study shows that the emis-
ions of these gases has a relatively low level in 2003 with 97 kt
or nitrogen oxide, 420 kt for carbon monoxide, 64 kt for volatile
rganic compounds other than methane and 63 kt for SO2. Energy
ombustion is the main source of greenhouse gas emissions, about
9.7% in 2003. The above analysis shows that the level of emis-
ions has greatly increased compared to the 1990 level and that
he country is far from a convergence of long-term ambitions of
he Intergovernmental Panel on Climate Change (IPCC), which calls
or a decrease in per capita emissions up to 70% compared to 1990
evels. When compared to its neighbors, Tunisia is in a good posi-
ion (CO2 emissions per capita is lower than in Algeria, Libya and
gypt).
Indeed, the environmental problems in North African countries
nd Tunisia in particular are primarily related to informal economic
ctivities that represent an illegal avoidance of ﬁscal and commer-
ial laws. These correspond to activities exercised by employers
ithout permission and prohibited by labor legislations. Neverthe-
ess, such activities may  be practiced by legal entities headed by
mployers who have the right to be operative in different indus-
ries, but because of certain factors, they are suitably classiﬁed in
he informal sector. These factors include: the non-payment of the
alue Added Tax (VAT), the income tax and the non-payment of
ocial security contributions. Indeed, the discussions of tax auditors
ith traders are unlimited. Traders themselves ﬁght and negotiate
ith controllers to avoid being classiﬁed in the formal sector. How-
ver, there are often three very good beneﬁts to be classiﬁed in the
ormal sector. But traders systematically refuse the gift of formality.
his refusal of inclusion in the formal sector has several reasons.P and formal GDP per capita from 1980 to 2009.
I would venture to say that what motivates trafﬁcking traders to
remain in the informal sector is not so much the fear of being taxed
more heavily than being unable to assume social and economic
responsibilities. These market dynamics ensure neither economic
efﬁciency nor social justice nor the preservation of environmental
integrity, but tend to create an explosive social situation.
During the 90s, the informal sector in Tunisia has witnessed a
dramatic growth. This is owing to a decrease in labor costs caused
by the unlawful circumvention of labor laws and tax regulations
constraints. Employment in this sector is seen as a means of eco-
nomic survival for the young unemployed, skilled and unskilled, as
the chance to work in the formal sector is low. At the beginning of
the following decade, informal employment continued to increase
in the total GDP. Fig. 1 shows that the Tunisian informal economy
had a tendency to increase during the period 1990–2009. Thus, the
share of the informal sector had increased from 20% to 30% of GDP
over this period. Employment in this sector is mainly centered in
the industries employing a large and less protected wage workforce
(building, textile and clothing, leather, transport) whose activity
can be of a seasonal or occasional character. This informal activity is
embodied in the industries employing unpaid workforce (services,
repairs, and retail). Charmes (2001) shows that the rates of infor-
mal  employment in Tunisia (occupied non-farm assets) were 36%
and 39% during the years 1980 and 1990 respectively. The share of
the informal economy in GDP was  signiﬁcant so that it represented
25% of non-agricultural GDP in 1997. The informal sector in Tunisia
is determined by a high apparent productivity in economic sectors.
In 1997, it represented 80% for the service sector, while the sec-
ondary sector represented only 20%. Thus, the size of the informal
sector depends, among other factors, on population growth, the
accumulation of physical capital and the quality of human capital.
Indeed, this problem greatly affects Tunisia, where, although
signiﬁcant efforts have been made before or after the revolution
and signiﬁcant results are recorded, the situation is not always sat-
isfactory. This condition can be explained by the distrust people
in their elected leaders whether before or after the revolution. We
have a fragile economy and the proposed reforms in the context of
the development model cannot absorb skilled labor or contribute
to regional development. The revolution offers us a unique oppor-
tunity to radically reshape our economy.
3. Data, modeling, and methodology
3.1. Data and modelingIn a recent study, Abid and Ben Salha (2013) have determined
the size of the informal economy in Tunisia, during the 1980–2009
period. By adopting the kalman ﬁlter technique and using
14 M. Abid / Sustainable Cities and
Table 1
Functional form of the EKC.
Sign of the coefﬁcients EKC shape
1 ˇ1 = ˇ2 = ˇ3 = 0 A ﬂat or no relationship between x and y
model
2 ˇ1 > 0 and ˇ2 = ˇ3 = 0 A monotonically increasing relationship
3 ˇ1 < 0 and ˇ2 = ˇ3 = 0 A monotonically decreases relationship
4  ˇ1 > 0, ˇ2 < 0 and ˇ3 = 0 Inverted U-shaped relationship
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s5  ˇ1 < 0, ˇ2 > 0 and ˇ3 = 0 U-shaped relationship
6  ˇ1 > 0, ˇ2 < 0 and ˇ3 > 0 N-shaped relationship
7  ˇ1 < 0, ˇ2 > 0 and ˇ3 < 0 Inverted N-shaped relationship
conomic variables (GDP and population) as well as environmental
ariables (CO2, forest area), they estimated the size of the Informal
DP (IFGDP) at 14–29% of Formal GDP (FGDP) during this period.
he total GDP1 (TGDP) and the FGDP (constant 2005 US$) and car-
on dioxide emissions (metric tons) spanning from 1980 to 2009
re used in this study. The data was obtained from the World Devel-
pment Indicators. EKC hypothesis in its general format can be
peciﬁed as follows:
t =  ˛ + ˇ1xt + ˇ2x2t + ˇ3x3t + εt (1)
here t is the time period, y is per capita CO2 emissions, x is per
apita real GDP, and ε is the standard error term. Values of the
ncome coefﬁcients (ˇk) indicate different functional forms. The
unctional form of the EKC hypothesis can be speciﬁed in Table 1
s follows:
For case 4, the estimation of the turning point characterizing the
nd of the ﬁrst phase of the EKC and the beginning of the second
ust verify the following condition:
ıy
ıx
= 0
The corresponding value of this point has to be necessarily pos-
tive. This suggests that ˇ1 and ˇ2 are of opposite signs. This value
s given by:
∗ = exp
(
− ˇ1
2ˇ2
)
For case 6, the turning points are reached for:
ı2y
ı2x
= 0
They correspond to the following values of per capita income,
ecessarily positive:
∗
1 = exp
(
−2ˇ2 −
√
4ˇ22 − 12ˇ1ˇ3
6ˇ3
)
nd
∗
2 = exp
(
−2ˇ2 +
√
4ˇ22 − 12ˇ1ˇ3
6ˇ3
)
Several econometric studies have used the model 1 to test the
xistence of EKC between income and environmental degradation.
he possible forms which the EKC may  take following the cases
isted above are shown in Table 2.
.2. MethodologyTime series data are considered to be stationary if each of the
eries means and variances are independent of the time trend.
1 Total GDP is the sum of informal economy and formal GDP in Tunisia. Society 15 (2015) 11–21
Therefore, if a series is non-stationary, we can conclude that the
series has a unit root. To overcome stationarity problems, we
emphasize two types of the unit root test that are commonly used
to examine the stationarity problem: the Augmented Dickey–Fuller
(ADF) and Philips–Perron tests. The next step is to determine the
structural break unit root test using Saikkonen and Lutkepohl
(2002), and Lanne, Lütkepohl, & Saikkonen (2002) who proposed
tests for stationarity. This test allows for a shift in the level of the
series by adding shift dummy variables into the model. Once the
stationarity level of integration is identiﬁed using JMulti software,
we proceed with our estimation using the cointegration models.
Basically, this study aims to determine the cointegration with
structural break effects. Therefore, the best-ﬁt model is Johansen,
Mosconi, & Nielsen (2000)cointegration test. This test is useful for
two reasons: ﬁrst, to test the existence of the long-run relationship
among the variables that are used in this study; secondly, to iden-
tify the effects of structural breaks with long-run cointegration of
series with the same order of integration. Meanwhile, in terms of
lag selection for VAR speciﬁcation, we used Schwarz Information
Criteria (SIC) to ﬁt the best VAR(p) speciﬁcation. Johansen et al.
(2000) cointegration test is also able to capture structural breaks
by adding dummy  variables in the deterministic part of the system,
which will lead to a change in the asymptotic distributions for the
cointegration rank.
The cointegration implies that the causality exists between the
two series, but it does not indicate the sense of the causality rela-
tion. We  use a VECM instead of a VAR model, because, in the
presence of the cointegration, we  cannot use the VAR model. The
VAR model can suggest a relation in the short-term between the
variables because we  cannot speak about a relation in the long-term
when the series are not cointegrated, while a VECM can avoid such
lacunae. Furthermore, the VECM can distinguish the relation in the
long and the short-term between the variables and can identify the
causality sources which cannot be detected by the Granger causal-
ity test. The dynamic Granger causality can be captured from the
error correction model originating from the long-term cointegra-
tion relationship (Granger, 1988). Engle and Granger (1987) have
demonstrated that if these two  series are cointegrated, the VECM
on GDP and carbon dioxide emissions per capita can be written as
follows:(
yit
xt
)
=
(
˛1
˛2
)
+
(
ˇ11,1
ˇ21,1
ˇ12,1
ˇ22,1
)
×
(
yit−1
xt−1
)
+ · · ·
+
(
ˇ11,m
ˇ21,m
ˇ12,m
ˇ22,m
)
×
(
yit−m
xt−m
)
+ It +
(
1t
2t
)
(2)
where  is the difference operator, xt present carbon emission
per capita (CO2), and yit (i = 1,2) represent per capita total GDP
(TGDP) and per capita formal GDP (FGDP) respectively, and 1t
and 2t are white noise error terms, and It is a vector of impulse
dummies, and  is a matrix containing the corresponding param-
eters. The VECM is utilized to determine the directions of causality
in the short and the long-term. On the short-term level, the causal-
ity should be examined on the basis of the parameter ˛12 and on
the basis of the parameter ˛22 using the Wald 2 tests. The test of
xt which does not cause yt in the short-term, is based on the null
hypothesis ˛21i. In the opposite case, where yt does not cause xt
in the short-term, we  have to test the null hypothesis ˛22i. While
the causality in the long-term should be evaluated from the speed
of adjustment ˛13 and ˛23 which are the coefﬁcients of the error
correction term ECT. The presence or the absence of the causality
in the long-term can be established by studying the signiﬁcance of
M. Abid / Sustainable Cities and Society 15 (2015) 11–21 15
Table  2
The possible EKC shapes.
Case 2: monotonic increasing
relationship
Case 3: monotonic decreasing
relationship
Case 4: inverted U-shaped relationship Case 5: U-shaped relationship
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(Case 6: N-shaped relationship Case 7: Invert
he coefﬁcients ˛13 and ˛23 relative to the error correction term
n the basis of t-test. These coefﬁcients represent the measure-
ent of the speed of adjustment toward the equilibrium. Finally,
e use the joint test to test the strong causality, where the vari-
bles are overloading short-run adjustment to restore long-run
quilibrium. Using the F-test, such a joint hypothesis is as follows:
01 : ˛13 = ˛12j = 0 in and H02 : ˛23 = ˛22j = 0.
By considering the two types of the economic activity, the above
hases are formulated by two VECM models:
A) Per capita formal GDP (FGDP) and per capita carbon dioxide
emissions (CO2).
B) Per capita total GDP (TGDP) and per capita carbon dioxide emis-
sions (CO2).
. Empirical results and discussion
The log of TGDP, CO2 and the log of FGDP are shown in Fig. 1.
s the ﬁgure shows, both series have pronounced upward trends.
t has widely been discussed that most macroeconomic variables
ontain unit root, and hence are non-stationary in levels (Nelson
 Plosser, 1982). Since both TGDP, CO2 and FGDP variables in
ur dataset are deﬁned over a period of 30 years, it is important
o identify whether these variables are non-stationary. Empirical
ime series studies generally use Augmented Dickey–Fuller (ADF)
Dickey & Fuller, 1979) and Phillips–Perron (PP) tests (Phillips &haped relationship
Perron, 1988) and unit root tests to examine the stationarity of time
series variables. Consequently, all unit root test regressions are run
with a constant and trend term. Table 3 reports the results of unit
root tests without a structural break. All test results suggest that
the GDP and CO2 are stationary in level at the 5% level of signiﬁ-
cance. There is an announcement in the ADF  and PP tests that the
series are not I(1).
However, if economic events cause shifts in regime, results
from standard unit root tests are questionable (Lee and Chang,
2005). Hence, we use a different testing procedure proposed
by Lanne et al. (2002), which considers the possible shift
in regimes. Results from Lanne et al. test are reported in
Table 4.
It is evident from the results that both GDP and aggregate energy
consumption variables are non-stationary in levels but stationary
in ﬁrst differences. Hence, these variables are integrated of order
one (I(1)) when structural breaks are taken into consideration. This
implies that cointegration is found in GDP equation after allowing
for structural break in 1986.
This break point is due to the structural adjustment program
of Tunisian economy in 1986. This program has characterized the
moving forward of Tunisia’s economic development. Thus, this
period coexists with the year when the former Tunisian presi-
dent, Zine El Abidine Ben Ali, took ofﬁce in November 1987 after
deposing Habib Bourguiba, president since Tunisia’s independence
from France in 1956. This period also coexists with the year when
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Table 3
Results of ADF and PP unit root tests.
Variables ADF test PP test
Models Level First difference Level First difference Results
TGDP C 2.424 (0) −4.570(0)* 3.058 [3] −4.652 [3]* I(1)
C,T  −2.260(6) −6.881(0)* −0.932 [7] −14.853 [22]*
GDP C 1.977 (0) −5.210 (0)* 3.111 (5) −5.218 (2) Unclear
C,T  −3.424 (6)*** −6.860 (0)* −1.521 (5) −8.904 (12)
CO2 C −0.174 (1) −8.229(0)* −0.155 [5] −13.441 [8]* Unclear
C,T  −4.021(0)** −4.707(0)* −4.000 [1]** −4.351 [9]*
Notes: The critical values for the ADF and PP tests t-statistics are obtained from MacKinnon (1996). Numbers in parentheses are lag levels based on the Schwarz informa-
tion  criterion. Numbers in brackets represents the automatic Newey–West bandwidth selection using the Bartlett kernel. Note that C and T denote a constant and linear
deterministic time trend, respectively.
* Denotes signiﬁcance at 1% level.
** Denotes signiﬁcance at 5% level.
*** Denotes signiﬁcance at 10% level.
Table 4
Lanne et al. unit root estimation results with structural breaks.
Levels First differences Results
Test statistic Estimated breakpoint Test statistic Estimated breakpoint
TGDP −0.467 1986 −3.148** 1990 I(1)
FGDP  2.063 1986 −3.770* 1990 I(1)
CO2 0.770 1991 −3.203** 1986 I(1)
Critical values
Lanne et al. (2002)
1%
−3.48
5%
−2.88
10%
−2.58
Notes: Unit root test with structural break is the unit root tests suggested by Saikkonen and Lutkepohl (2002) and Lanne et al. (2002).
* Denote signiﬁcance at the 1%.
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of Eq. (2). The CUSUMSQ tests are applied to assess the parame-
ter stability (Brown, Durbin, & Evans, 1975). The straight lines in
graphs (Appendix) represent critical bounds at 5% level of signiﬁ-
cance. It can be observed that the plots of CUSUMSQ statistics are
Table 5
Lanne et al. (2002) structural break cointegration test.
Models H0: ra Trace statistic Critical values at 5%
A 0 26.78 20.16** Denote signiﬁcance at the 5%.
unisia has a positive energy balance during the period 1980–2000.
n 2001, Tunisia became an energy importer country. This deﬁcit
n the energy balance is explained by strong consumption growth
nd a near-stagnation of hydrocarbons production. Hydrocarbons
idely contributed to the economic growth of the country during
his period.
Since aggregate energy consumption and GDP variables are non-
tationary at levels, but stationary at ﬁrst differences, we  examine
hether a linear combination of the two series is in fact station-
ry. If the linear combination of the two series exhibits a stationary
elationship by converging to a long-run equilibrium, then it can
e argued that the two variables are cointegrated. One of the most
ommonly used cointegration tests was proposed by Johansen et al.
2000) using the JMulTi 4.24 package. Based on the maximum like-
ihood method, the objective of this test is to ﬁnd out the number
f cointegrating vectors in the linear system. If the number of coin-
egrating vector is found to be zero (i.e., r = 0), then it can be argued
hat the series of aggregate energy consumption and GDP do not
onverge into a long-run equilibrium.
These variables are stationary in ﬁrst difference at the 1% thresh-
ld. We  can then conclude that all the variables are integrated of
rder one (I(1)). Therefore, the testing of their tendency to evolve
ogether in a long-run equilibrium (their co-integrating) can be
nvisaged. The asymptotic distribution of the LR test statistics for
ointegration does not involve the normal distribution and depends
n the assumptions which we have considered in relation to deter-
inistic trends. For this reason, to conduct a test, it is crucial to
ake a speciﬁc assumption with respect to the nature of the trend
ntrinsic to our data. The cointegration model used is one that
ontains a constant and spills over no trend. Adopting the Akaike
nformation minimum criterion (AIC), the delay-optimal number of
odels (A) and (B) is p = 1. Since the series are integrated of order
 (I(1)), the Johansen’s trace test statistic is used to test the nullhypothesis of no cointegration. In Table 5, we  observe that the null
hypothesis (H0 : r = 0) according to which there exists no relation
of cointegration between the variables is rejected at 5%. In con-
trast, we accept the null hypothesis (H0 : r ≤ 1) according to which
there exists, in the model (A), one single relation of cointegration
between the FGDP and CO2 emissions, as well as between the TGDP
and CO2 emissions in the model (B).
The model properties in Eq. (2) are checked using a battery of
diagnostic tests. More precisely, we apply a Lagrange multiplier test
for a serial correlation of order one and two  (LM), a Portmanteau
test for autocorrelation up to four lags (PM) and the Jarque-Bera
test for normality (Jarque-Bera). The results of diagnostic tests and
model ﬁt are reported in the lower part of Table 6. R2 shows that the
model is a relatively good ﬁt. The diagnostic tests statistics conﬁrm
the absence of correlation serial, autocorrelation and normality in
the model. All models pass the diagnostic tests, indicating no sig-
niﬁcant deviations from the desired model properties. Finally, the
stability of model is also checked by applying Cumulative Sum of
Squares of Recursive Residual (CUSUMQ) techniques based on ECM1  7.42 9.14
B 0  23.43 20.16
1  5.26 9.14
a Indicates the number of cointegration relationships.
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Table  6
Diagnostic tests.
Models Adj. R2 LM(5) PM(16) JB
yt xt
A 0.79 F = 27.645 [0.118] Q = 49.917 [0.820] 2 = 0.257[0.879] 2 = 2.241[0326]
B  0.79 F = 27.577 [0.119] Q = 51.165 [0.784] 2 = 0.257[0.879] 2 = 2.241[0326]
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(otes: p-values are reported in brackets. The diagnostic tests used are a Lagrange M
utocorrelation up to lag 4 and the Jarque-Bera test (JB) for normality.
ell within the critical bounds which substantiate stability of all
oefﬁcients in the ECM model.
The plots of the CUSUMSQ test are not within the critical bounds.
urthermore, we apply the Chow forecast test to examine the sig-
iﬁcance of structural breaks in an economy for the period of
982–2012. In this study, F-statistic computed in Table 7 suggests
hat no signiﬁcant structural break exists in the case of Tunisia dur-
ng the sample period. The Chow forecast test is more reliable and
referable. This conﬁrms that the VECM estimates are reliable and
fﬁcient.
It remains now to choose the speciﬁcation of the estimation of
he model (2). In our study, the regression results of the long-term
KC relative to the registered GDP and total GDP, respectively, are
hown in Table 8.
The regression results of the EKC related to the FGDP and TGDP
how the signiﬁcance of the parameter relative to the squared total
DP and to that which is relative to FGDP (Figs. 2 and 3). The
stimation of a quadratic equation shows the signiﬁcance of the
arameters of the explanatory variables to 5% error risk. Therefore,
e decided to study two quadratic equations that explain the CO2
mission per capita, respectively, according to the registered per
apita income and total per capita income. The results of the esti-
ation of Eq. (1) show some other interesting results regarding the
igns of the parameters.
For the model A, the relationship between the CO2 and FGDP
s a monotonically increasing curve as ln y2009 = 8.233 while the
alculation of the turning point of this variable is ln yt = 8.728.
onsequently, in the absence of the informal economy, our empir-
cal results do not support the EKC inverted U hypothesis for
O2 emissions in Tunisia. Thus, in the model B, the relationship
etween the CO2 and the TGDP seems to be a monotonically
ncreasing curve. However, what draws our attention in this rela-
ionship (CO2–TGDP) compared to (CO2–FGDP) is that the value
ln y2009 = 8.432) is closer to the turning point (ln yt = 8.571). We
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Fig. 2. Long run EKC–FGDP relationship.lier test (LM) for serial correlation at 1st and 2nd lag, a Portmanteau test (PM) for
can reasonably expect that the presence of the size of the informal
economy in the calculation of formal GDP will induce an improve-
ment in the quality of the environment. Therefore, it is necessary to
control and punish agents who do not respect contracts and obli-
gations. The earnings fall stems of informal production units (IPU),
on which the state should focus tax reform.
In the case of model (CO2–TGDP), we note that the act of taking
into consideration only signs of the estimated parameters ˛1 and
˛2 and the EKC hypothesis is validated. This hypothesis becomes
less obvious when the slopes of the curve at the upper limits and
lower limits are respectively ln y2009 = 8.432 and ln y1980 = 7.709.
Indeed, the slope of the ﬁrst phase of the EKC (˛1 + 2˛2 ln ymin > 0)
is veriﬁed and equal to 0.988, while in the second phase the slope
(˛1 + 2˛2 ln ymax < 0) is not veriﬁed and equal to 0.159. How-
ever, we  are sure that if policy makers use effective instruments,
the relationship between CO2 emissions and economic growth
can be represented by a concave upward sloping curve that the
rate of CO2 emissions increase slows with increasing economic
growth.
To investigate the EKC hypothesis and calculate the turning
points related to each economic indicator, the next step in the anal-
ysis is to study the direction of causality between environmental
indicator (CO2 emissions) and the two  economic indicators (FGDP
and TGDP). The study of causality in the framework of a VECM
model is possible since the series are stationary in primary and
cointegrated differences. The sources of causality can be identiﬁed
from the test of signiﬁcance of the coefﬁcients of the independent
variables in the VECM. As regards the short-term causality, we  can
test the nullity of parameters related to the independent variables
in each equation of the VECM using Student test. The long-term
causality can be tested by the signiﬁcance of the speed of adjust-
ment. We  must test the nullity of the coefﬁcients of error correction
terms in each equation of the VECM using Wald 2 tests. In the
absence of the informal economy, the results of tests of causality
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Fig. 3. Long run EKC–TGDP relationship.
18 M. Abid / Sustainable Cities and Society 15 (2015) 11–21
Table 7
Chow test for structural break.
Models Forecast period, break point Bootstrapped p-value Asymptotic 2 p-value Asymptotic F p-value
A
Chow forecast test 1981–2009 0.940 – 0.901
Break point Chow test 1987 0.390 0.131 –
B
Chow  forecast test 1981–2009 0.910 – 0.829
Break point Chow test 1987 0.390 0.120 –
Table 8
Results of EKC regression.
Coefﬁcients Explanatory variable registered GDP Explanatory variable total GDP
Cubic speciﬁcation Quadratic speciﬁcation Cubic speciﬁcation Quadratic speciﬁcation
˛0 −349.641 (0.415) −27.509 (0.010) −293.487 (0.575) −41.171 (0.002)
˛1 129.584 (0.429) 6.529 (0.016) 104.057 (0.595) 9.823 (0.003)
˛2 −16.035 (0.442) −0.374 (0.029) −12. 298 (0.613) −0.573 (0.004)
˛3 0.664(0.452) 0.486 (0.630)
Table 9
Results of causality tests.
Models Dep. var Causality source
Short-run Long-run Joint test
yt xt ECT yt , ECT xt , ECT
A yt – 0.380 (0.826) 0.187 [1.252]*** – 0.455
xt 8.115** (0.017) – −0.830 [−3.859]*** 7.913*** –
B  yt – 0.316** (0.035) −0.292 [2.357]*** – 8.360***
xt 8.089** (0.017) – −0.421 [−2.842]*** 8.450*** –
Notes: Figures in brackets are Student test statistics, while those in parentheses are p-values.
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*** Coefﬁcient signiﬁcant at 1%.
etween income per capita and emission of carbon dioxide corrobo-
ate the existence of a unidirectional causality running from formal
ncome to polluting emissions in the short-term and long-term (see
able 9).
The direction of causality shows that economic growth is the fac-
or that guides the increase in carbon dioxide emission. In addition,
conomic growth is responsible for the growth of CO2 emissions
nd the appearance of corrosive effects on human health such as
lobal warming. The countries with very high income risk the reap-
earance of long-term pollution. This situation is avoided when
ew efﬁcient technologies and pollution-ﬁghting equipment are
vailable. In this case, the proﬁle of the EKC is most likely to change
n the long-term from the form of an inverted U-shaped curve to
n N-shape if these countries do not take preventative measures in
ollution ﬁghting.
In the presence of the informal economy, the short and long-
erm bidirectional causality reﬂects the dependence between
conomic growth and the growth of carbon dioxide emissions.
uch a movement of economic growth will have an impact on
he increase of emissions and vice versa. In this context, economic
rowth is a direct result of the accumulation of polluting infor-
al  economic activities migrating from rural to urban areas. These
ctivities are considered harmful to the environment in the absence
f less stringent environmental regulations. The main aim of an eco-
omic policy tolerating such activities is to provide a high rate of
conomic growth that leads to a rapid growth phase of production
nd an improved standard of living. Such a policy has far-reaching
onsequences, since the failure in the preservation of the environ-
ent and the lack of respect for the ecological standards togetherwith the completion of natural resources, especially those non-
renewable, will worsen the whole situation.
Indeed, the results of the short and long-term causality show
that the policy of reducing CO2 emissions may  be feasible and
possible, in the sense that it does not have a negative effect on
economic activity. This ﬁnding may  help decision-makers reduce
pollution, an objective the achievement of which is normally the
result of serious and strict environmental policies. In this respect,
Tunisia is required, on the one hand, to encourage environmentally
friendly industries, to adopt new pollution-ﬁghting technologies,
to honor the commitments made in the framework of international
environmental protocols, such as the Kyoto Protocol, and on the
other, to minimize carbon dioxide emission, which is one of the
primary origins of the global warming phenomenon.
The estimation results, different between long-term causality
and short term causality, involve the separation between eco-
nomic policy and environmental policy. The lack of differentiation
between the two  policies contributes to diminishing the impor-
tance of the concept of sustainable development which is deﬁned
as “the development that meets the needs of the present without
compromising the ability of future generations to meet their own
needs.” A condition of sustainable development is the compatibility
between economic growth and respect for the environmental. This
compatibility is illustrated primarily by encouraging clean tech-
nology and environmentally friendly industries, support for new
energy sources and the protection of renewable energies. Com-
pared with previous works for Tunisia, our results, in the absence of
the informal sector opposed by Fodha and Zaghdoud (2010). They
suggest the presence of a causal relationship running from GDP to
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O2 emissions for Tunisia. The ﬁndings for the case of Tunisia are
lso in line with the work of Saboori et al. (2012) for Malaysia. But,
n contrast with ﬁndings by Nasir and Rehman (2011) for Pakistan
s well as with the work of Shahbaz et al. (2013) for Turkey. They
eported unidirectional causality from GDP to CO2 emissions with
o feedback. Compared with previous study for Tunisia, our results
re in line with the ﬁndings of Abid and Ben Salha (2013). They
oncluded that economic growth is Granger-caused the informal
conomy. In fact, informal economy increasingly depends on vari-
tions of the formal economy, and it will impact CO2 emissions.
. Conclusion and implications of economic policy
The empirical relationship between economic growth and envi-
onmental quality in the presence of the informal economy has
ot been discussed. The results obtained by studying this relation-
hip allow us to deﬁne appropriate economic and environmental
olicies to improve human well-being. In this paper, we studied
mpirically the EKC hypothesis dependent on an environmental
ndicator (CO2) and two economic indicators (FGDP and TGDP)
uring the period 1980–2009. This study shows that there is a lin-
ar increasing monotonic relation between both CO2–FGDP and
O2–TGDP. To complete the results of the cointegration analysis,
e perform the Granger causality test based on an error correction
odel (VECM). The aim is to show whether the long-term coin-
egrating relationship between environmental degradation and
conomic growth seems to be unidirectional, bidirectional, or neu-
ral. The empirical results reveal that economic growth (formal
nd total) causes environmental degradation (CO2), both in the
hort and long-run. Our results seem to be corroborated by the
heory according to which the EKC hypothesis supposes that the
ausality relationship between income and environment is uni-
irectional where income causes pollution and not the reverse.
he results obtained allow us to conclude that economic growth
as a negative effect on the environment. This conclusion is in
greement with theoretical and empirical ﬁndings such as those
f Grossman and Krueger (1991) for the case of North America
nd Fodha and Zaghdoud (2010) for the case of Tunisia, ﬁndings
hich show that economic growth in itself is not an a favorable
actor conducive to the ﬁght against environment pollution. The
onclusion of this unidirectional causality, ranging from economic
rowth to the growth of polluting emissions, implies that the poli-
ies used to reduce emissions and to increase spending investments
technical progress) designed to diminish pollution do not harm
conomic growth. Such investments could represent a feasible
olicy for the case of Tunisia, a policy necessary to the achieve-
ent of both the preservation of environmental integrity andocial equity and the improvement of economic efﬁciency in the
ong-term.
Thus, in the presence of the informal economy, the relationship
etween CO2 and TGDP demonstrates that Tunisia is in the last Society 15 (2015) 11–21 19
stage of the ﬁrst phase (bottom) of the EKC curve. It reveals that the
pollution begins to increase gradually at the same time as the total
income tends to be very high and that the increasing monotonic
form turns into an inverted U-shape when effective new technolo-
gies are implemented. This form shows that pollution increases
when a country escapes poverty, stabilizes when it reaches a level of
average income and decreases when it becomes more prosperous.
Therefore, the state must consider important policy implications
that can be presented as follows:
(i) Tunisian environmental authorities must implement regula-
tory instruments to reduce CO2 emissions. We  will focus here
on: (a) emission standards:  the use of boilers in industrial areas
and the establishment of maximum emission intensities in fac-
tories. Indeed, during the period 1982–1997, the project of
pollution reduction in the factories of the chemical industry
of Gabes has led to a 65% reduction in SO2 emissions and 50%
of ammonia emissions (NH3) with a total cost of more than 42
million dinars National Agency for Environmental Protection
(NAEP, 1998). (b) The closure of three highly polluting plants in
1990 in Sfax, Mahdia and Mégrine. (c) Technical standards: the
installation of particular ﬁlters in power, cement, steel, foundry
centers and other industries. Thus, the Tunisian Anti-Pollution
Fund (FODEP, 1995) provides grants to companies that seek to
reduce or eliminate pollution.
(ii) The state must introduce a tax on formal ﬁrms for each unit of
pollutant emissions. In case informal ﬁrms do not respect the
strict regulations, they must pay a tax higher than that imposed
on formal ﬁrms. In addition, a penalty and a tax on undeclared
income imposed by regulatory authorities on informal ﬁrms
must be paid.
(iii) The various informal economic activities are considered the
main source of greenhouse gas emissions. To lower the lev-
els of informal employment, an important policy implication
should take into consideration how to render work in the for-
mal  sector more attractive. Those who  have chosen to leave
this sector should be encouraged to return. Advantages should
be linked to social beneﬁts contributions, while administrative
procedures, such as the registration of companies and workers
should be simpliﬁed (Abid & Ben Salha, 2013). Irrespec-
tive of positive incentive measures, enforcement mechanisms
to reduce informal employment must also be strengthened.
The policies must, however, address the situation of those
who have no other choice but to work in the informal
sector.
In fact, the empirical results and the methodology proposed in
this paper are structurally robust. This is why we express ultimately
the hope that our results would add to the related literature and
indicates the way  forward for further works by allowing fruitful
research in this area.
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